Two novel Gram-stain-negative, motile, catalase-negative and oxidase-positive strains of bacteria (JC131 T and JC112) were isolated from Lonar, a soda lake in India. Based on 16S rRNA gene sequence similarity studies, strains JC131 T and JC112 belong to the family Cohaesibacteraceae of the class Alphaproteobacteria and were most closely related to Cohaesibacter marisflavi DQHS21 T (98.0 %) and Cohaesibacter gelatinilyticus CL-GR15 T (96.0 %). Polar lipids of strains JC131 T and JC112 include phosphatidylglycerol, phosphatidylethnolamine, phosphatidylmonomethylethanolamine, diphosphatidylglycerol and two unidentified lipids (L1 and L2). Both strains have diplopterol, diploptene, an unidentified hopane (UH) and bacteriohopane derivatives (BHD1 and 2) as major hopanoids and an unidentified pigment (P1). The predominant isoprenoid quinone of both strains was ubiquinone-10 (Q10). Whole-cell fatty acid analysis of both strains revealed that C 18 : 1 v7c was the predominant cellular fatty acid and significant proportions of C 16 : 0 , summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), 11-methyl C 18 : 1 v7c, C 18 : 1 v9c, C 18 : 0 and C 20 : 1 v7c were also detected. The family Cohaesibacteraceae in the order Rhizobiales consists of only one genus, Cohaesibacter described by Hwang & Cho (2008) . Presently the genus consists of two species with validly published names. Cohaesibacter gelatinilyticus CL-GR15 T , is a facultatively anaerobic rod isolated from seawater with positive oxidase and catalase activities. C. gelatinilyticus CL-GR15
sequence similarity studies, strains JC131
T and JC112 belong to the family Cohaesibacteraceae of the class Alphaproteobacteria and were most closely related to Cohaesibacter marisflavi DQHS21 T (98.0 %) and Cohaesibacter gelatinilyticus CL-GR15 T (96.0 %). Polar lipids of strains JC131 T and JC112 include phosphatidylglycerol, phosphatidylethnolamine, phosphatidylmonomethylethanolamine, diphosphatidylglycerol and two unidentified lipids (L1 and L2). Both strains have diplopterol, diploptene, an unidentified hopane (UH) and bacteriohopane derivatives (BHD1 and 2) as major hopanoids and an unidentified pigment (P1). The predominant isoprenoid quinone of both strains was ubiquinone-10 (Q10). Whole-cell fatty acid analysis of both strains revealed that C 18 : 1 v7c was the predominant cellular fatty acid and significant proportions of C 16 : 0 , summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), 11-methyl C 18 : 1 v7c, C 18 : 1 v9c, C 18 : 0 and C 20 : 1 v7c were also detected. The DNA G+C content of strains JC131 T and JC112 was 54.6 and 53.8 mol%, respectively. The genome reassociation (based on DNA-DNA hybridization) of strains JC131 T and JC112 with Cohaesibacter marisflavi NCCB 100300 T (5DQHS21 T ) was about 58 %, while between JC131 T and JC112 it was about 87 %. On the basis of physiological, biochemical and chemotaxonomical properties, strains JC131 T and JC112 are differentiated from the other two members of the genus Cohaesibacter. Strains JC131 T and JC112 represent a novel species of the genus Cohaesibacter, for which the name Cohaesibacter haloalkalitolerans sp. nov. is proposed. The type strain is JC131 T (5KCTC 32038 T 5NBRC 109022 T ). An emended description of the genus Cohaesibacter is presented.
The family Cohaesibacteraceae in the order Rhizobiales consists of only one genus, Cohaesibacter described by Hwang & Cho (2008) . Presently the genus consists of two species with validly published names. Cohaesibacter gelatinilyticus CL-GR15 T , is a facultatively anaerobic rod isolated from seawater with positive oxidase and catalase activities. C. gelatinilyticus CL-GR15
T forms circular, entire, convex and creamy white colonies 2 mm in diameter on marine agar supplemented with 3 % NaCl. Optimal growth occurs at 25-30 u C (range 15-31 u C), pH 8 (range pH 6-9) and at 3 % (w/v) NaCl (range 2-5 %) (Hwang & Cho, 2008) . Cohaesibacter marisflavi DQHS21 T is also a facultatively anaerobic rod isolated from coastal pond sediment showing catalase-negative and oxidasepositive phenotypes. It forms white, smooth, circular, translucent colonies of 1-2 mm diameter. Optimal growth is at 25-30 u C (range 10-38 u C), pH 7-8 (range pH 4-9) and 3 % (w/v) NaCl (range 0.5-15 %) (Qu et al., 2011) . In this paper, we describe the polyphasic studies of two strains isolated from Lonar soda lake, India and propose that these strains are representatives of a novel species of the genus Cohaesibacter.
Two strains designated JC131
T and JC112 were isolated from sediment samples of the Lonar soda lake
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequence of strains JC131 T and JC112 are HE774678 and HE647713, respectively. (19 u 589 360 N 76 u 309 300 E) enriched in minimal mineral medium (Lakshmi et al., 2011) supplemented with Na 2 S . 9H 2 O (1.5 mM) and vitamin B 12 (2 mg l
21
) at pH 7.5. Pure cultures were obtained by repeated streaking of the isolate on marine agar 2216 (Zobell marine agar, M384; Himedia) plates under aerobic conditions and were lyophilized and preserved at 4 u C for further use.
Genomic DNA was extracted and purified according to the method of Marmur (1961) and the G+C content of the DNA was determined by HPLC (Mesbah et al., 1989) . The almost complete length of the 16S rRNA gene sequence of the two strains (JC131 T and JC112) was obtained by PCR and subsequent sequencing with primers, F9-27 (59-GTTTGATCCTGGCTCAG-39) and R9-1489 (59-TACCT-TGTTACGACTTCA-39) (corresponding to positions 27-44 and 1489-1507 in E. coli genome for F9-27 and R9-1489, respectively) as described previously . Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using EzTaxon-e server (Kim et al., 2012) .
The CLUSTAL W algorithm of MEGA 5 (Tamura et al., 2011) was used for sequence alignments and the phylogenetic analysis of the individual sequences was performed using MEGA 5. Distances were calculated by using the Kimura correction in a pair-wise deletion manner (Kimura, 1980) . Neighbour-joining, maximum-parsimony and minimum evolution methods in the MEGA 5 software were used to construct phylogenetic trees. Percentage support values were obtained using a bootstrap procedure with 1000 replicates.
The taxonomic relationship between strains JC131 T , JC112 and C. marisflavi NCCB 100300
T was examined using DNA-DNA hybridization which was determined using a membrane filter technique as previously described (Chakravarthy et al., 2012) .
Morphological properties such as cell shape, cell size and motility were observed by phase-contrast light microscopy (65 BH-2; Olympus). Growth was measured turbidometrically at 540 nm in a colorimeter (Systronics). pH, temperature, salt and sea salt tolerance ranges for growth were examined in marine broth. Various biochemical tests such as hydrolysis of starch, casein and gelatin as well as, urease, nitrate reduction, Voges-Proskauer, methyl red, H 2 S production, indole production, oxidase and catalase activity were carried out in the prescribed media as described by Smibert & Krieg (1981 and Oren et al. (1997) . The carbon utilization tests were performed in a minimal medium supplemented with the appropriate carbon source as described previously (Lakshmi et al., 2011) . Utilization of various substrates was examined using the GN2 MicroPlate (Biolog) prepared according to the manufacturer's instruction using the inoculum of strains JC131
T and JC112 grown in marine broth supplemented with 2 % NaCl.
Fatty acids, quinones and polar lipids of the strains JC131 T and JC112 as well as C. gelatinilyticus CL-GR15
T and C. marisflavi DQHS21 T were analysed from cells grown in Zobell marine broth 2216 (Marine broth 2216, M385; Himedia). After cultivation at 25-30 u C and on reaching a cell density of 70 % of the maximum optical density (100 %5OD 540 0.8) JC131
T , JC112, C. gelatinilyticus CL-GR15 T and C. marisflavi DQHS21 T cells were harvested by centrifugation (10 000 g for 15 min at 4 u C). The lyophilized pellets of the harvested cultures were used for analysis. Cellular fatty acids were methylated, separated and identified according to the instructions for the Microbial Identification System (Microbial ID; MIDI 6.0 version; method, RTSBA6) [Sasser (1990) ; revised; www. midi-inc.com], which was outsourced through Royal Research Laboratories, Secunderabad, India.
Polar lipids were extracted from 1 g freeze-dried cells with methanol/chloroform/saline (2 : 1 : 0.8, by vol.) as described by Kates (1986) . Lipids were separated using silica gel TLC (Kieselgel 60 F254; Merck) by two-dimensional chromatography using chloroform/methanol/water (75 : 32 : 4, v/v) in the first dimension and chloroform/methanol/acetic acid/water (86 : 16 : 15 : 4, v/v) in the second dimension (modified after Tindall, 1990 a, b; Oren et al., 1996) . Total polar lipids profiles were detected by spraying with 5 % ethanolic molybdophosphoric acid and further characterized by spraying with ninhydrin (specific for amino groups), molybdenum blue (specific for phosphates), Dragendorff reagent (quaternary nitrogen) or a-naphthol (specific for sugars) (Kates, 1972; Oren et al., 1996) .
Hopanoids were extracted according to the method of Rohmer et al. (1984) . Hopanoids was separated on silica gel TLC plate (Kieselgel 60 F254; Merck) using double development with dichloromethane. The total hopanoid profile was detected by spraying with 0.1 % solution of barberine chlorohydrate in ethanol and visualizing the plates at 366 nm (Rohmer et al., 1984) . Hopanoids were identified by eluting the spots using dichloromethane and derivatized with benzoyl chloride according to the protocol of Barrow & Chuck (1990) . The benzoated derivatives were identified by LC-MS/MS using Phenomenex C18 column (150 mm64.6 mm) with flow rate 0.4 ml min 21 using following solvent system: A (acetonitrile) and B (0.1 % acetic acid in 80 % methanol). Separation was started using 40 % of solvent A and in 15 min it reached 98 %. In the next 13.5 min it reached 100 %. Followed by 6.5 min at 100 %. LC-MS/MS was performed using a Q-TOF mass spectrometer (model 6500; Agilent) with electrospray ionization (ESI) probe which was operated in positive ion mode (auxiliary gas flow, 10 ml min 21 ; collision energy 40; scan from m/z 50 to 1700). Quinone composition of strains JC131
T and JC112 was determined by extraction with chloroform/methanol (2 : 1, v/v) mixture, purified by TLC and then analysed by HPLC .
Colonies of strain JC131
T and JC112 grown on Zobell marine agar 2216 (M384; Himedia) are colourless, circular (2-2.5 mm in diameter) and convex, with an entire margin after 2-3 days of incubation. EzTaxon-e BLAST search analysis of near complete (1416 bp) 16S rRNA gene sequences revealed that strains JC131 T and JC112 have the highest 16S rRNA sequence similarity (%) with C. marisflavi DQHS21 T (98.0 %) and C. gelatinilyticus CL-GR15 T (96.0 %). The neighbour-joining tree [ Fig. 1 ; tree branches were stable for all other phylogenetic trees generated in this study (not shown)] also confirmed the EzTaxon-e results that strains JC131
T and JC112 clustered with the two other members of the genus Cohaesibacter with high bootstrap support. C. marisflavi NCCB 100300 T (5DQHS21 T ) and C. gelatinilyticus CL-GR15 T were used for comparative taxonomic analysis. The DNA G+C contents of strains JC131
T and JC112 were 54.6 and 53.8 mol%, respectively.
When strain JC133
T was radioactively labelled, the levels of DNA-DNA reassociation between strain JC112 and C. marisflavi NCCB 100300
T were 86±2 and 59.5±0.2 %, respectively. However, when JC112 and C. marisflavi NCCB 100300
T were labelled and used for DNA-DNA hybridization with JC131
T in the reciprocal reaction, the reassociation values were 88±3.3 % and 56.9±0.8 %, respectively. The reassociation value between JC112 and C. marisflavi NCCB 100300 T was 58.3±2 %. Based on the hybridization results, strain JC131
T and JC112 are closely related, while both strains are distantly related to C. marisflavi NCCB 100300
T and the hybridization values are within the recommended standards to delineate a bacterial species (Stackebrandt & Goebel, 1994; Stackebrandt & Ebers, 2006) . Cells of both strains are cohesive rods and their morphology is similar to that of the type species of the genus Cohaesibacter, C. gelatinilyticus CL-GR15
T . Cells of both strains are motile and motility was confirmed using hanging drop method (Escherichia coli was used as positive control). Strains JC131 T and JC112 grow at a pH range of 5.5-9.5 with an optimum at 7-8. NaCl was essential for growth of both strains and they can tolerate up to 20 % (w/v) with optimum growth occurring at 2-5 %. Salt tolerance was also tested using medium with sea salts (rock halite) where optimum growth was observed at 1.5-6 % (w/v) and the strains could tolerate up to 22 %. Optimum growth occurs for both strains between 25 and 30 u C, with a range of 15-40 u C. Casein and starch were not hydrolysed by either strain, neither was gelatin liquefied. Catalase and gelatinase activities were negative for both strains. Oxidase activity, urease, indole production, denitrification and citrate utilization were positive. Both strains did not produce H 2 S; they showed positive methyl red/VogesProskauer (MR/VP) tests. Strain JC112 differs from strain JC131 T in lipase activity (negative result) and utilization of mannose (positive result) ( Table 1) . Strains JC131 T and JC112 are facultative anaerobes (tested by agar shake test; Widdel, 1983 ) with a chemoorganoheterotrophic mode of growth and capable of utilizing a few organic compounds (Table S1 , available in IJSEM Online).
Whole-cell fatty acid analysis of both strains revealed that C 18 : 1 v7c was the predominant (43.5 %) cellular fatty acid and significant proportions of C 14 : 0 , C 15 : 1 v5c, C 16 : 0 , summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), C 18 : 0 , C 17 : 1 v8c, 11-methyl C 18 : 1 v7c, C 18 : 1 v9c, C 19 : 0 cyclo-v8c and C 20 : 1 v7c were also detected. Both strains differ from C. gelatinilyticus CL-GR15 T and C. marisflavi NCCB 100300
T in having C 14 : 0, C 15 : 1 v5c, C 18 : 1 v9c and 3-hydroxyacid C 18 : 0. The major quinone of both strains JC131 T and JC112 was Q10 (Table 2) .
Polar lipids of strains JC131 T and JC112 (Fig S1) include phosphatidylglycerol (PG), phosphatidylethnolamine (PE), phosphatidylmonomethylethanolamine (PME), diphosphatidylglycerol (DPG), phosphatidylcholine (PC), an unidentified glycolipid (GL) and two unidentified lipids (L1-2). Absence of an unidentified amino lipid (AL) differentiates JC131
T and JC112 from C. marisflavi NCCB 100300 T and C. gelatinilyticus CL-GR15 T (Table 1) . Both
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Cohaesibacter marisflavi DQHS21 T (GQ200200) strains further differ from C. marisflavi NCCB 100300 T by the presence of PME and PE and absence of three unidentified lipids (L3-5). Both strains also differ from C. gelatinilyticus CL-GR15 T in the presence of an unidentified lipid (L1) and absence of an unidentified lipid (L4; Table 1 ).
Strain JC131
T and JC112 have bacteriohopane derivatives (BHD1, 2), diplopterol (DPL) and diploptene (DPE) as major hopanoids (Fig S1) . Both strains differ from C. marisflavi NCCB 100300
T by the presence of BHD2 and differ from C. gelatinilyticus CL-GR15
T by the absence of adenosylhopane (ADH). Two unidentified pigments (P1, P2; eluted pigments have l max at 435 nm and 450 nm, respectively) were observed in C. marisflavi NCCB 100300 T , which were absent in C. gelatinilyticus CL-GR15
T , while strains JC131 T and JC112 have only one pigment (P1; Fig S1) .
The 16S rRNA-gene-based clustering, cell morphology, major fatty acid, polar lipids and hopanoids composition of strains JC131
T and JC112 are in agreement with those of the type species of the genus C. gelatinilyticus CL-GR15 T indicating both strains to be members of this genus. However, the phenotypic, chemotaxonomic and genotypic distinctiveness of both strains (Table 1) from their phylogenetic neighbours, C. marisflavi NCCB 100300 T and C. gelatinilyticus CL-GR15
T allow the newly isolated , and all the other data (carbon utilization tests, hopanoids, polar lipids, antibiotic susceptibility) were obtained in this study under the same conditions. All the four strains were positive for oxidase, nitrate reduction and utilization of L-arabinose and showed positive results for D-glucose fermentation, arginine dihydrolase activity and gelatinase. Susceptible (S) to gentamicin (102 mg), amikacin (30 mg), vancomycin (30 mg), kanamycin (30 mg), chloramphenicol (10 mg) and ampicillin (30 mg); resistant (R) to nalidixic acid (30 mg). Bacteriohopane derivative 1 (BHD1), diplopterol (DPL), diploptene (DPE) and unidentified hopane (UH) are common hopanoids in all strains. Phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), phosphatidylcholine (PC) and an unidentified lipid (L2) are common polar lipids present in all the strains. +, Positive; 2, negative; R, resistant; S, sensitive; BHD2, bacteriohopane derivative 2; ADH, adenosylhopane; AL, unidentified aminolipid; L2, L3, L4, L5, unidentified lipids. strains to be classified into a novel species for which, we propose the name Cohaesibacter haloalkalitolerans sp. nov., with the type strain JC131 T , while strain JC112 represent an additional strain.
Emended description of the genus Cohaesibacter Hwang and Cho 2008
The characteristics of the genus are as described previously by Hwang & Cho (2008) , Qu et al., (2011) except that some species have phosphatidylethnolamine, phosphatidylmonomethylethanolamine and an unidentified amino lipid as additional polar lipids. Bacteriohopane derivatives (BHD1, 2), diplopterol (DPL) and diploptene (DPE) are the major hopanoids, some species also have adenosylhopane.
Description of Cohaesibacter haloalkalitolerans sp. nov.
Cohaesibacter haloalkalitolerans [hal.o.al.ka.li.to9le .rans. Gr. n. hals haloes salt; N.L. n. alkali (from Arabic article al the; Arabic n. qaliy ashes of saltwort) alkali; L. part. adj. tolerans tolerating; N.L. part. adj. haloalkalitolerans salt and alkali-tolerating].
Colonies are colourless, smooth and circular with entire margins. Cells are motile, cohesive rods, Gram-stainnegative, mesophilic, facultatively anaerobic, 0.4-0.5 mm wide and 1.2-2.4 mm long. Oxidase, urease, indole production, MR/VP, nitrate reduction and citrate utilization tests are positive. Catalase, amylase, proteinase, H 2 S production and gelatinase are negative. Lipase is variable. Growth occurs between pH 5.5 and 9.5 (optimum 7-8). NaCl is essential for growth (optimum 2-5 %) and up to 20 % is tolerated. Benzoate, citrate, ethanol, pyruvate and tartrate are the most suitable carbon sources for growth. Glycerol, gluconate, lactose and acetate also support good growth. Caprylate, Dglucose, mannitol, sorbitol, aspartate, butyrate, caproate, formic acid, D-fructose, glutamic acid, malic acid, lactic acid and fumaric acid are not utilized for growth. Urea, glutamine, nitrate and ammonium chloride are good nitrogen sources for growth. Nitrite, glutamate and aspartate do not support growth. Vitamins are not required for growth, yeast extract enhances growth. Readily respires Larabinose, L-fucose, L-rhamnose, D-psicose, a-ketobutyric acid, a-ketovaleric acid, c-aminobutyric acid, phenylethylamine, acetic acid, citric acid and pyruvic acid methyl ester. D-Galactose, D-mannose, methyl b-D-glucoside, glucuronamide, L-alaninamide, D-alanine, malonic acid, propionic acid, 2-aminoethanol, 2,3 butanediol, D-glucose 6-phosphate, thymidine, inosine, uridine, D-galacturonic acid, ahydroxybutyric acid, glycyl L-glutamic acid, L-phenylalanine, L-proline, L-pyroglutamic acid, glycerol and D-glucosaminic acid are weakly respired, according to Biolog GN2. Highly sensitive to chloramphenicol (30 mg), gentamicin (30 mg), streptomycin (10 mg), kanamycin (30 mg), tetracycline (30 mg), ampicillin (10 mg), vancomycin (30 mg) and amikacin (30 mg). Resistant to penicillin (10 mg) and nalidixic acid (30 mg). Phosphatidylglycerol, phosphatidylethnolamine, phosphatidylmonomethylethanolamine, diphosphatidylglycerol, two unidentified lipids (L1, L2) and a glycolipid (GL) are the major polar lipids. Bacteriohopane derivatives 1 and 2, diploptene, diplopterol and an unidentified hopane are the major hopanoids. C 18 : 1 v7c is the major fatty acid with significant proportions of C 14 : 0 , C 15 : 1 v5c, C 16 : 0 , summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), C 18 : 0 , C 17 : 1 v8c, 11-methyl C 18 : 1 v7c, C 18 : 1 v9c, C 19 : 0 cyclo-v8c and C 20 : 1 v7c are present. Major quinone is Q-10.
The type strain is JC131 T (5KCTC 32038 T 5NBRC 109022 T ). The type strain was isolated from a sediment sample from Lonar Lake, India. The DNA G+C content of the type strain is 54.6 mol%. An additional strain, JC112, isolated from the same habitat also has similar characters with very few exceptions to the type strain, with a G+C content of 53.8 mol%. TR TR 2 9.5 *Summed features are groups of two or three fatty acids that could not be separated by GLC with the MIDI System. Summed feature 2 contains C 14 : 0 3-OH and/or iso-C 16 : 1 I; summed feature 3 contains iso-C 15 : 0 2-OH and/or C 16 : 1 v7c.
